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©  SPIKED  TIRE. 
A  spiked  tire  has  pin  holes  (2)  provided  in  the  tread  sur- 

face  of  a  tire  body  (1).  The  interior  of  each  pin  hole  (2)  is 
provided  with  a  spike  pin  (3)  which  can  project  from  and 
withdraw  into  the  pin  hole  (2),  an  urging  means  (4)  which 
constantly  urges  the  spike  pin  (3)  in  the  direction  in  which  the 
spike  pin  (3)  projects  from  the  pin  hole  (2),  and  an  actuating 
member  (6)  of  a  shape  memory  alloy  which  is  restored  to  its 
remembered  shape,  against  the  force  of the  urging  means  (4), 
by  a  rise  in  temperature  of  the  tire  resulting  from  the  vehicle 
running  on  a  road  which  is  not  icy  or  snowy,  so  that  the  spike 
pin  (3)is  able  to  withdraw  into  the  tire  body.  The  rise  in  temp- 
erature  of  a  tire  differs  according  to  whether  the  vehicle  is 
running  on  an  icy  or  snowy  road  or  on  a  road  which  is  not  icy 
or  snowy.  This  difference  in  the  rise  of  temperature  of  the  tire 
is  utilized  so  that  the  spike  pins  are  automatically  withdrawn 
into  their  pin  holes  by  the  restoration  of  the  shape  memory 
alloy  to  its  remembered  shape  when  the  vehicle  is  running  on 
a  clear  road  preventing  damage  to  the  road  surface  by  spiked 
tires  and  also  the  production  of  dust  resulting  therefrom. 



BACKGROUND  OF  THE  INVENTION: 

F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   a  s p i k e   t i r e  t o   b e  

u s e d   f o r   s e c u r i n g   s a f e   t r a v e l   of  a  v e h i c l e   on  f r o z e n  

and  snowy  r o a d s .  

D e s c r i p t i o n   of  t h e   P r i o r   A r t  

In  snowy  c o l d   d i s t r i c t s ,   t i r e   c h a i n s   a n d  

s p i k e   t i r e s   a r e   u s e d   to   d r i v e   m o t o r   v e h i c l e s   s a f e l y   o n  

f r o z e n   and  snowy  r o a d s .   In  t h i s   c o n n e c t i o n ,   l a t e l y  

t h e r e   i s   a  t r e n d   t h a t   in  mos t   c a s e s   t h e   s p i k e   t i r e s  

wh ich   have   s p i k e s   or  a n t i - s k i d   e l e m e n t s   c o n s t a n t l y  

p r o j e c t e d   on  t h e   s u r f a c e   of  a  t i r e   t r e a d   a re   p r e f e r r e d  

to  t he   c h a i n s   w h i c h   a r e   f i t t e d   on  t i r e s   o n l y   when  r o a d  

s u r f a c e s   a r e   f r o z e n   or  s n o w e d ,   b e c a u s e   of  t he   t r o u b l e s  

of  p u t t i n g   on  and  t a k i n g   o f f   t h e   c h a i n s .  

H o w e v e r ,   p a r t l y   b e c a u s e   of  r e c e n t   d e v e l o p m e n t  

of  snow  r e m o v i n g   t e c h n i q u e s   and  p a r t l y   b e c a u s e   o f  

i n c r e a s e s   in  t h e   a m o u n t   of  t r a f f i c ,   r o a d   s u r f a c e s   a r e  

o f t e n   e x p o s e d   even   a f t e r   s n o w f a l l s ,   s h o r t e n i n g   t h e  

t r a v e l   d i s t a n c e s   w h i c h   need   s p i k e   t i r e s   to  a  c o n s i d e r a b l e  

d e g r e e .   For   i n s t a n c e ,   in  H o k k a i d o ,   a  n o r t h e r n   d i s t r i c t  

of  J a p a n ,   i t   i s   a s s u m e d   t h a t   t h e   d i s t a n c e   w h i c h   r e q u i r e s  



s p i k e   t i r e s   i s   as  s m a l l   as  5%  of  the   t o t a l   t r a v e l  

d i s t a n c e .  

If   u s e d   on  s u c h   n o n - f r o z e n ,   s n o w - f r e e   r o a d s ,  

t he   c o n v e n t i o n a l   s p i k e   t i r e s   w h i c h   have   h a r d   m e t a l  

s p i k e   p i n s   e m b e d d e d   in   t h e   t r e a d   f a c e s   g i v e   r i s e   t o  

p r o b l e m s   such   as  d a m a g e s   and  a b r a s i v e   w e a r   of  r o a d  

s u r f a c e s   and  p o l l u t i o n   by  t h e   r e s u l t i n g   d u s t .   T h e s e  

p r o b l e m s   o c c u r   commonly   in   c o l d   snowy  d i s t r i c t s   o f  

v a r i o u s   c o u n t r i e s ,   and  a r e   g e n e r a l l y   d e a l t   w i t h   b y  

t o t a l l y   p r o h i b i t i n g   t h e   use   of  s p i k e   t i r e s   or   r e s t r i c t -  

ing   t h e   use   to   a  c e r t a i n   p e r i o d .   H o w e v e r ,   f rom  a  v i e w  

p o i n t   of  s a f e   t r a v e l   of  v e h i c l e s   in  snowy  d i s t r i c t s ,  

t he   use   of  s p i k e   t i r e s   i s   v e r y   e f f e c t i v e ,   and  t h e r e f o r e  

i t   i s   d e s i r a b l e   to   s o l v e   t h e   a b o v e - m e n t i o n e d   p r o b l e m s  

in  a  way  to  p e r m i t   t h e   use   of  s p i k e   t i r e s   on  n o n - f r o z e n  

b a r e   r o a d s .  

SUMMARY  OF  THE  INVENTION: 

I t   i s   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  s p i k e   t i r e   w i t h   s p i k e   p i n s   w h i c h   a r e   a u t o -  

m a t i c a l l y   r e t r a c t a b l e   i n t o   t he   t i r e   on  a  n o n - f r o z e n  

b a r e   r o a d   a c c o r d i n g   to  a  d i f f e r e n c e   in   t e m p e r a t u r e   of  t h e  

t i r e   and  s p i k e   p i n s   on  a  f r o z e n   or  s n o w - c o v e r e d   r o a d  

and  on  a  n o n - f r o z e n   b a r e   r o a d ,   t h e r e b y   p r e v e n t i n g   t h e  

d a m a g e s   and  a b r a s i v e   w e a r   of  r o a d   s u r f a c e s   as  w e l l   a s  



t h e   g e n e r a t i o n   of  p o l l u t i o n a l   d u s t .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a  s p i k e   t i r e   w h i c h   i s   c h a r a c t e r i z e d   by  t h e  

p r o v i s i o n   o f :   a  s p i k e   p i n   r e t r a c t a b l y   f i t t e d   in   a  p i n  

r e c e p t a c l e   h o l e   on  t h e   s u r f a c e   of  a  t i r e   t r e a d ;  

b i a s i n g   means   c o n s t a n t l y   u r g i n g   t h e   s p i k e   p i n s   r a d i a l l y  

o u t w a r d   i n t o   a  p r o t r u d e d   p o s i t i o n ;   and  an  a c t u a t i n g  

member   of  a  s h a p e   memory  a l l o y   c a p a b l e   of  r e s t o r i n g   a  

m e m o r i z e d   s h a p e   a g a i n s t   t h e   a c t i o n   of  t h e   b i a s i n g   m e a n s  

upon  a  t e m p e r a t u r e   i n c r e a s e   by  t h e   h e a t   g e n e r a t e d   i n  

t h e   t i r e   as  a  r e s u l t   of  o p e r a t i o n   on  a  n o n - f r o z e n   b a r e  

r o a d   t h e r e b y   to   r e t r a c t   t h e   s p i k e   p i n   i n t o   t h e   t i r e .  

Wi th   t h e   a b o v e - d e s c r i b e d   s p i k e   t i r e   a c c o r d i n g  

to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   a c t u a t i n g   member  of  a  

s h a p e   memory  a l l o y   i s   r e t a i n e d   in  an  e a s i l y   d e f o r m a b l e  

p l a s t i c   s t a t e   on  a  f r o z e n   or  s n o w - c o v e r e d   r o a d   by  a  

t e m p e r a t u r e   d r o p ,   t h e   b i a s i n g   means   u r g i n g   s p i k e   p i n s  

to  p r o t r u d e   f rom  t h e   p i n   r e c e p t a c l e   h o l e s   to   e n s u r e  

s a f e   t r a v e l   of  a  v e h i c l e .   On  t h e   o t h e r   h a n d ,   when  a  

v e h i c l e   i s   c r u i s i n g   on  a  n o n - f r o z e n   b a r e   r o a d ,   t h e  

b i a s i n g   f o r c e   of  t h e   b i a s i n g   means   i s   o v e r c o m e   by  t h e  

r e s t o r i n g   f o r c e   of  t h e   s h a p e   memory  a l l o y   of  t h e   a c t u a t i n g  

member s   and  t h e   s p i k e   p i n s   a r e   a u t o m a t i c a l l y   r e t r a c t e d  

i n t o   t h e   p i n   r e c e p t a c l e   h o l e s   to  p r e v e n t   d a m a g e s  a n d  

a b r a s i v e   wea r   of  r o a d   s u r f a c e s   by  t he   s p i k e s   and  t h e  



r e s u l t i n g   d u s t   p o l l u t i o n .  

The  a b o v e   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

a d v a n t a g e s   of  t h e   i n v e n t i o n   w i l l   become  a p p a r e n t   f r o m  

t h e   f o l l o w i n g   d e s c r i p t i o n   and  a p p e n d e d   c l a i m s ,   t a k e n  

in  c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s   w h i c h  

s h o w   by  way  of  e x a m p l e   some  p r e f e r r e d   e m b o d i m e n t s   of  t h e  

i n v e n t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

In  t h e   a c c o m p a n y i n g   d r a w i n g s :  

FIGURE  1  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i ew  of  a  

s p i k e   t i r e   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ;  

FIGURE  2  i s   a  v iew  s i m i l a r   to   FIGURE  1  b u t  

s h o w i n g   a  s p i k e   in   a  d i f f e r e n t   p o s i t i o n ;  

FIGURE  3  i s   a  f r a g m e n t a r y   s e c t i o n a l   v iew  of  a  

m o d i f i c a t i o n   of  t h e   e m b o d i m e n t   shown  in   FIGURE  l ;  

FIGURE  4  i s   a  f r a g m e n t a r y   s e c t i o n a l   v iew  o f  

a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n ;  

FIGURE  5  i s   a  v iew  s i m i l a r   to   FIGURE  4  b u t  

s h o w i n g   a  s p i k e   in   a  d i f f e r e n t   p o s i t i o n ;  

FIGURE  6  i s   a  f r a g m e n t a r y   s e c t i o n a l   v iew  o f  

a  f u r t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ;  

FIGURE  7  i s   a  v iew  s i m i l a r   to  FIGURE  6  b u t  

s h o w i n g   a  s p i k e   in  a  d i f f e r e n t   p o s i t i o n ;  

FIGURE  8  i s   a  f r a g m e n t a r y   s e c t i o n a l   v iew  o f  



s t i l l   a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ;   a n d  

FIGURE  9  i s   a  v iew  s i m i l a r   to   FIGURE  8  b u t  

s h o w i n g   a  s p i k e   in  a  d i f f e r e n t   p o s i t i o n .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS: 

R e f e r r i n g   to  t h e   a c c o m p a n y i n g   d r a w i n g s   a n d  

f i r s t   to  FIGURES  1  a n d   2,  t h e r e   i s   shown  a  s p i k e   t i r e  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   e m p l o y i n g   an  a c t u a t i n g  

member  c o n s i s t i n g   o f  a   s h a p e   memory  a l l o y   of   a  c o i l   f o r m  

w h i c h   i s   a d a p t e d   to   a s s u m e   one  of  two  d i f f e r e n t   s t a t e s  

of  o p e r a t i o n .   I n d i c a t e d   a t   1  i s   a  t i r e   p r o p e r   and  a t  

2  a re   p i n   r e c e p t a c l e   h o l e s   p r o v i d e d   on  t h e   t r e a d   s u r f a c e  

of  t he   t i r e   1,  e a c h   p i n   r e c e p t a c l e   h o l e   2  h a v i n g   l a r g e  

d i a m e t e r   p o r t i o n s   2a  and  2b  a t   i t s   i n t e r m e d i a t e   a n d  

b o t t o m   p o r t i o n s ,   r e s p e c t i v e l y .  

A  s p i k e   p i n   3  w h i c h   i s   f i t t e d   in   e a c h   r e c e p t a c l e  

h o l e   2  i s   p r o v i d e d   w i t h   a  f l a n g e   p o r t i o n   3a  a t   i t s  

i n n e r   end  to   be  f i t t e d   in   t he   l a r g e   d i a m e t e r   p o r t i o n   2 a  

of  t he   r e c e p t a c l e   h o l e   2,  and  i t s   o u t e r   end  i s   r e t r a c t a b l y  

p r o t r u d a b l e   f rom  t h e   r e c e p t a c l e   h o l e   2.  I n t e r p o s e d  

b e t w e e n   t h e   f l a n g e   p o r t i o n   3a  of  t h e   s p i k e   p i n   3  a n d  

a  b o t t o m   s u r f a c e   2c  of  t h e   r e c e p t a c l e   h o l e   2  i s   a  d i s h e d  

s p r i n g   4  w h i c h   s e r v e s   as  a  b i a s i n g   means   f o r   c o n s t a n t l y  

u r g i n g   t he   s p i k e   p i n   3  to   p r o t r u d e   o u t   of  t h e   r e c e p t a c l e  

h o l e   2.  The  a c t u a t i n g   member  6  of  a  s h a p e   memory  a l l o y  



of  a  c o i l   fo rm  i s   i n t e r p o s e d   b e t w e e n   t h e   f l a n g e   p o r t i o n  

3a  of  t he   s p i k e   p i n   and  a  s t o p p e r   5  w h i c h   r e s t r i c t s   t h e  

l e n g t h   of  p r o t r u s i o n   o f . t h e   o u t e r   end  p o r t i o n   3b  o f  

t h e   s p i k e   p i n .   The  s t o p p e r   5  c o n s i s t s   of   a  f l a n g e  

p o r t i o n   5a  to   be  f i t t e d   in   t h e   l a r g e   d i a m e t e r   p o r t i o n  

2a  of  t h e   r e c e p t a c l e   h o l e   2  and  a  c y l i n d r i c a l   p o r t i o n  

5c  w i t h   an  a n n u l a r   g r o o v e   5b  f o r   r e c e i v i n g   t h e r e i n   t h e  

c o i l - l i k e   a c t u a t i n g   member   6  of  a  s h a p e   memory  a l l o y .  

M a r g i n a l   e d g e s   a t   t h e   i n n e r   open   end  of   t h e   a n n u l a r  

g r o o v e   5b  a r e   a b u t t e d   a g a i n s t   t h e   f l a n g e   p o r t i o n   3a  o f  

t h e   s p i k e   p i n   to   r e s t r i c t   t h e   a m o u n t   of   i t s   o u t w a r d  

p r o t r u s i o n .  

The  s h a p e   memory  a c t u a t i n g   member   6  e a s i l y  

y i e l d s   to   an  e x t e r n a l   f o r c e   when  in   p l a s t i c   s t a t e   a t  

t e m p e r a t u r e s   b e l o w   a  t r a n s f o r m a t i o n   p o i n t   a t   w h i c h   t h e  

a l l o y   r e s t o r e s   a  m e m o r i z e d   s h a p e .   N a m e l y ,   upon  a n  

i n c r e a s e   in   t h e   t e m p e r a t u r e   of   t h e   t i r e   1  or   s p i k e   p i n  

3,  t h e   a c t u a t i n g   member   6  w h i c h   has   b e e n   h e l d   in   a  

d e f o r m e d   s h a p e   due  to   i t s   p l a s t i c i t y   r e s t o r e s   a  

m e m o r i z e d   s h a p e ,   p u s h i n g   t he   f l a n g e   p o r t i o n   3a  of  t h e  

s p i k e   p i n   t o w a r d   t h e   b o t t o m   s u r f a c e   2c  of   t h e   r e c e p t a c l e  

h o l e   a g a i n s t   t h e   b i a s i n g   f o r c e   of  t h e   d i s h e d   s p r i n g   4 .  

W i t h   r e g a r d   to   t h e   s h a p e   memory  a l l o y ,   t h e r e  

have   been   known  v a r i o u s   k i n d s   of  a l l o y s   of   t h i s   s o r t  

and  i t   i s   p o s s i b l e   to  s e t   t h e   t e m p e r a t u r e   of  r e s t o r a t i o n  



of  a  m e m o r i z e d   s h a p e   a r b i t r a r i l y   by  v a r y i n g   the   a l l o y  

c o m p o s i t i o n .   The  t r a n s f o r m a t i o n   t e m p e r a t u r e   of  t h e  

a c t u a t i n g   member   6  w h i c h   i s   f o r m e d   of  such   a  s h a p e  

memory  a l l o y   i s   d e t e r m i n e d   d e p e n d i n g   upon  t h e   t y p e   o f  

t h e   v e h i c l e   or   c l i m a t e   c o n d i t i o n s   of  d i s t r i c t s   in   w h i c h  

t h e   t i r e   i s   to   be  u s e d .  

When  t h e   s p i k e   t i r e s   of   t h e   a b o v e - d e s c r i b e d  

c o n s t r u c t i o n   a r e   r u n n i n g   on  a  f r o z e n   or  s n o w - c o v e r e d  

r o a d   s u r f a c e ,   e a c h   a c t u a t i n g   member   6  of  a  s h a p e   m e m o r y  

a l l o y   i s   h e l d   in  an  e a s i l y   d e f o r m a b l e   p l a s t i c   s t a t e  

as  shown  in   FIGURE  1  due  to   a  t e m p e r a t u r e   d r o p ,   so  t h a t  

i t   i s   c o m p r e s s e d l y   d e f o r m e d   by  t h e   b i a s i n g   f o r c e   o f  

t h e   d i s h e d   s p r i n g   4.  A c c o r d i n g l y ,   t h e   f l a n g e  p o r t i o n  

3a  of  t h e   s p i k e   p i n   3  i s   p u s h e d   r a d i a l l y   o u t w a r d   by  t h e  

d i s h e d   s p r i n g   4  to   h o l d   t he   s p i k e   p i n   3  in  a  p r o t r u d e d  

p o s i t i o n   on  t h e   t r e a d   s u r f a c e   of   t h e   t i r e   1 .  

On  t h e   o t h e r   h a n d ,   when  r u n n i n g   on  a  n o n - f r o z e n  

or   s n o w - f r e e   r o a d ,   t h e   a c t u a t i n g   member  6  of  t h e   s h a p e  

memory  a l l o y   r e s t o r e s   a  m e m o r i z e d   s h a p e   o f  a   s t r e t c h e d  

c o i l   as  shown  in   FIGURE  2  due  to   a  t e m p e r a t u r e   i n c r e a s e  

c a u s e d   by  t h e   h e a t   r e s u l t i n g   f rom  t h e   c r u i s i n g   o p e r a t i o n .  

C o n s e q u e n t l y ,   t h e   f l a n g e   p o r t i o n   3a  of  t h e   s p i k e   p i n   3 

i s   p r e s s e d   t o w a r d   t he   b o t t o m   s u r f a c e   2c  of  t he   r e c e p t a c l e  

h o l e   2  to  r e t r a c t   t he   s p i k e   p i n   3  i n t o   t h e   h o l e   2 .  

FIGURE  3  i l l u s t r a t e s   a  m o d i f i c a t i o n   w h i c h  



e m p l o y s ,   i n s t e a d   of  t h e   a c t u a t i n g   member   6  c o n s i s t i n g  

of  a  c o i l - l i k e   s h a p e   memory  a l l o y ,   an  a c t u a t i n g   m e m b e r  

16  of  a  d i s h - l i k e   s h a p e   memory  a l l o y   w i t h   a  c e n t e r  

a p e r t u r e .   In  t h i s   f i g u r e ,   t h e   a c t u a t i n g   member   16  i s  

shown  in   a  r e s t o r e d   s t a t e   e x h i b i t i n g   a  m e m o r i z e d  

c o n c a v e   s h a p e .   T h i s   a c t u a t i n g   member   16  has   an  a d v a n t a g e  

t h a t   i t   c o n t a c t s   t h e   f l a n g e   p o r t i o n   13a  of  t h e   s p i k e   p i n  

13  o v e r   a  b r o a d   a r e a   when  p l a s t i c i z e d   and  f l a t t e n e d   b y  

t h e   b i a s i n g   f o r c e   of   t h e   d i s h e d   s p r i n g   14,  a c c e l e r a t i n g  

t h e   h e a t   t r a n s f e r   f rom  t he   s p i k e   p i n   13  to   t h e   a c t u a t i n g  

member   16  to   e n s u r e   a  q u i c k   a c t i o n   of  t h e   l a t t e r .  

A l t h o u g h   t h e   d i s h e d   s p r i n g   4  or   14  i s   i n t e r p o s e d  

b e t w e e n   t h e   f l a n g e   p o r t i o n   3a  or  13a  of   t h e   s p i k e   p i n  

3  or   13  and  t h e   b o t t o m   s u r f a c e   2c  or   12c  of  t h e   p i n  

r e c e p t a c l e   h o l e   2  or  12  in  t h e   f o r e g o i n g   e m b o d i m e n t s ,  

i t   i s   a l s o   p o s s i b l e   to   u t i l i z e   a  c o i l   s p r i n g   or  t h e  

r e s i l i e n t   r e s t o r i n g   f o r c e   of  t h e   t i r e   r u b b e r   i t s e l f   a s  

t h e   m a t e r i a l   of  t h e   t i r e   1  or  11.  In  t h e   l a t t e r   c a s e ,  

s u i t a b l e   r e s i l i e n c y   can  be  o b t a i n e d   by  p r o v i d i n g   a  

p l u r a l   number   of  r u b b e r   p r o j e c t i o n s   on  t h e   b o t t o m   s u r -  

f a c e   2c  or   12c  of  t h e   p i n   r e c e p t a c l e   h o l e .  

R e f e r r i n g   to   FIGURES  4  and  5,  t h e r e   i s   s h o w n  

a n o t h e r   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n   w i t h   s p i k e  

p i n s   in  p r o t r u d e d   and  r e t r a c t e d   p o s i t i o n s ,   r e s p e c t i v e l y ,  

in   w h i c h   i n d i c a t e d   a t   21  i s   a  t i r e   b o d y   p r o p e r   and  a t  



22  a r e   p in   r e c e p t a c l e   h o l e s   w h i c h   a r e   p r o v i d e d   on  t h e  

t r e a d   s u r f a c e   of  t h e   t i r e   21,  e a c h   p i n   r e c e p t a c l e  h o l e s  

22  b e i n g   i n t e r n a l l y   p r o v i d e d   w i t h   a  l a r g e   d i a m e t e r  

p o r t i o n   2 2 a .  

F i t t e d   in   t h e   p i n   r e c e p t a c l e   h o l e   2 2  i s   a  

s p i k e   p i n   23  h a v i n g   an  i n t e r n a l  g u i d e   h o l e   23a  o p e n  

at   t h e   i n n e r   end  t h e r e o f   and  an  o u t e r   end  p o r t i o n   2 3 b  

w h i c h   i s   r e t r a c t a b l e   i n t o   t h e   p i n   r e c e p t a c l e   h o l e   2 2 .  

A  s h a n k   p o r t i o n   24a  of   g u i d e   p i n   24  w h i c h   s u p p o r t s  

and  g u i d e s   t h e   s p i k e   p i n   23  i s   f i t t e d   in   t h e   i n t e r n a l  

g u i d e   h o l e   23a .   The  s p i k e   p i n   23  and  g u i d e   p i n  2 4   a r e  

p r o v i d e d   w i t h   f l a n g e s   25  and  26,  r e s p e c t i v e l y ,   w h i c h  

a re   o p p o s i n g l y   r e c e i v e d   in   t h e   l a r g e   d i a m e t e r   p o r t i o n  

22a  of  t h e   p i n   r e c e p t a c l e   h o l e   22.  T h e s e   f l a n g e s   25 

and  26  a r e   f o r m e d   w i t h   o p p o s i n g   f l a t   s u p p o r t   s u r f a c e s  

25a  and  26a  and  t a p e r e d   g u i d e   s u r f a c e s   25b  and  2 6 b  

w h i c h   a r e   d i v e r g e d   in   V - s h a p e   a r o u n d   t h e   s u p p o r t  s u r f a c e s  

25a  and  2 6 a .  

P r o v i d e d   b e t w e e n   t h e   f l a n g e s   25  and  26  a re   a  

r i n g - l i k e   a c t u a t i n g   member   27  of  a  s h a p e   memory  a l l o y  

w h i c h   i s   e x p a n s i b l e   to   a  m e m o r i z e d   s h a p e ,   i . e . ,   a  r i n g  

of  an  i n c r e a s e d   d i a m e t e r   w h i c h   l i e s   on  t h e   o u t e r   s i d e  

of  t h e   s u p p o r t   s u r f a c e s  2 5 a   and  26a  (FIGURE  5 ) ,   a n d  

a  s p i r a l   s p r i n g   28  w h i c h   c o m p r e s s i n g l y   d e f o r m s   a n d  

f o r c i b l y   p u s h e s   t h e   a c t u a t i n g   member  27  i n t o   a  p o s i t i o n  



b e t w e e n   t h e   f l a t   s u p p o r t   s u r f a c e s   25a  and  26a  t o  

p r o t r u d e   t he   s p i k e   p i n   23  r a d i a l l y   o u t w a r d   as  soon   a s  

t h e   a c t u a t i n g   member   2 7 .  i s   p l a s t i c i z e d .  

The  l a r g e   d i a m e t e r   p o r t i o n   22a  of   t h e   r e c e p t a c l e  

h o l e   22  i s   s p r e a d   i n   t h e   a x i a l   d i r e c t i o n   of  t h e   s p i k e  

p i n   by  t h e   f l a n g e s   25  and  26  a g a i n s t   t h e   r e s i l i e n t   r e s t o r -  

i ng   f o r c e   of  r u b b e r   of   t h e   t i r e   1  i t s e l f   as  shown  i n  

FIGURE  4  when  t h e   a c t u a t i n g   member  27  i s   p u s h e d   i n b e t w e e n  

t h e   s u p p o r t   s u r f a c e s   25a  and  26a  by  t h e   b i a s i n g   f o r c e  

of  t h e   s p r i n g   28.  A c c o r d i n g l y ,   when  t h e   a c t u a t i n g   m e m b e r  

27  comes  o f f  t h e   s u p p o r t   s u r f a c e s   25a  and  26a  b y  

r e s t o r a t i o n   of   t h e   m e m o r i z e d   s h a p e   as  shown  in   FIGURE  5 ,  

t h e   r e s i l i e n t   r e s t o r i n g   f o r c e   of  t h e   t i r e   r u b b e r   a c t s  

on  t he   f l a n g e   25  of  t h e   s p i k e   p in   23  to  r e t r a c t   t h e   s a m e  

i n t o   t h e   p i n   r e c e p t a c l e   h o l e   2 2 .  

When  t h e   s p i k e   t i r e s   of  t he   a b o v e - d e s c r i b e d  

c o n s t r u c t i o n   a r e   r u n n i n g   on  a  f r o z e n   or  s n o w - c o v e r e d  

r o a d ,   t h e   s h a p e   memory   a l l o y   of  the   a c t u a t i n g   member  2 7  

i s   c o o l e d  i n t o   p l a s t i c   s t a t e   and  c o m p r e s s e d l y   d e f o r m e d  

by  t h e   b i a s i n g   f o r c e   of  t h e   s p r i n g   28  as  shown  i n  

FIGURE  4,  s e t t i n g   a p a r t   t h e   f l a n g e s   25  and  26  a g a i n s t  

t h e   r e s i l i e n t   r e s t o r i n g   f o r c e   of  t he   t i r e   1  and  p u s h i n g  

in  t he   a c t u a t i n g   member   27  b e t w e e n   t h e   s u p p o r t   s u r f a c e s  

25a  and  2 6 a  t o   r e t a i n   t h e   s p i k e   p in   23  in   t h e   p r o t r u d e d  

p o s i t i o n .   On  t h e   o t h e r   h a n d ,   when  r u n n i n g   on  a  n o n - f r o z e n  



or  s n o w - f r e e   r o a d ,   t h e   t e m p e r a t u r e   of  t h e   a c t u a t i n g  

member  27  i s   r a i s e d   by  t h e   h e a t   w h i c h   i s   g e n e r a t e d   i n  

t he   r u n n i n g   t i r e ,   so  t h a t   t h e   a c t u a t i n g   m e m b e r  2 7  

r e s t o r e s   by  i t s e l f   t h e   m e m o r i z e d   s h a p e   of  a  l a r g e r  

d i a m e t e r ,   d i s e n g a g i n g   f rom  t h e   s u p p o r t   s u r f a c e s   25a  a n d  

26a  as  shown  in  FIGURE  5.  C o n s e q u e n t l y ,   t h e   s p i k e   p i n  

23  i s   r e t r a c t e d   i n t o   t h e   r e c e p t a c l e   h o l e   22  by  t h e  

r e s i l i e n t   r e s t o r i n g   f o r c e   of  t h e   t i r e   1  p r o p e r .  

The  s e c t i o n a l   s h a p e   of   t h e   a c t u a t i n g   member   27  

i s   no t   l i m i t e d   to   t h e   c i r c u l a r   s h a p e   shown,   and  may  b e  

f o r m e d   in   any  o t h e r   s h a p e   w h i c h   i s   s u i t a b l e   f o r   t h e  

a b o v e - d e s c r i b e d   o p e r a t i o n .   F u r t h e r ,   t he   s p r i n g   28  m a y  

be  a  c o i l   s p r i n g ,   a  l e a f   s p r i n g ,   a  s p i r a l   s p r i n g   or  t h e  

l i k e .  

In  t h i s   m a n n e r ,   t h e   s p i k e   p i n   23  i s   r e t a i n e d  

in  t he   p r o t r u d e d   s t a t e   by  p u s h i n g   in   t h e   a c t u a t i n g   m e m b e r  

27  of  a  s h a p e   memory  a l l o y   b e t w e e n   t h e   s u p p o r t   s u r f a c e s  

25a  and  26a  on  t h e   f l a n g e s   25  and  26  of  t h e   s p i k e   p i n  

23  and  g u i d e   p i n   24  s e c u r e l y   e v e n   u n d e r   a  l a r g e   l o a d  

of  a  v e h i c l e .  

FIGURES  6  and  7  shows  a n o t h e r   e m b o d i m e n t   o f  

the   i n v e n t i o n ,   in   w h i c h   i n d i c a t e d   a t   31  i s   a  t i r e   p r o p e r  

and  a t   32  i s   a  p i n   r e c e p t a c l e   h o l e   w h i c h   i s   f o r m e d   o n  

the   t r e a d   s u r f a c e   of  t he   t i r e   1  and  i n t e r n a l l y   p r o v i d e d  

w i t h   a  l a r g e   d i a m e t e r   p o r t i o n   3 2 a .  

F i t t e d   in  t he   p i n   r e c e p t a c l e   h o l e   32  i s   a  



s p i k e   p i n   33  h a v i n g   an  i n t e r n a l   b o r e   33a  f o r m e d   a x i a l l y  

f rom  t h e   i n n e r   end  t h e r e o f   and  an  o u t e r   end  p o r t i o n   3 3 b  

r e t r a c t a b l y   p r o t r u d e d   f rom  t h e   p i n   r e c e p t a c l e   h o l e   3 2 .  

The  s p i k e   p i n   33  i s   s u p p o r t e d   and  g u i d e d   by  a  g u i d e   p i n  

34  w i t h   a  s h a n k   p o r t i o n   34a  f i t t e d   in   t h e   g u i d e   h o l e   3 3 a .  

The  s p i k e   p i n   33  and  g u i d e   p i n   34  a r e   p r o v i d e d   w i t h  

f l a n g e s   33c  and  34b  a t   t he   r e s p e c t i v e   b a s e   e n d s ,   t h e  

f l a n g e s   33c  and  34b  b e i n g   o p p o s i n g l y   r e c e i v e d   in   t h e  

l a r g e   d i a m e t e r   p o r t i o n   3 2 a  o f   t h e   p i n   r e c e p t a c l e   h o l e   3 2 .  

The  s h a n k   34a  of  t h e   g u i d e   p i n   34  i s   e x t e n d e d  

t h r o u g h   a  c e n t e r   a p e r t u r e   of   a  d i s h e d   s p r i n g   35  w h i c h  

i s   i n t e r p o s e d   b e t w e e n   t h e   f l a n g e   p o r t i o n s   33c  and  3 4 b  

to   a p p l y   a  b i a s i n g   f o r c e   on  t h e   s p i k e   p i n   33  in   a  

p r o t r u d i n g   d i r e c t i o n .   The  b i a s i n g   means   w h i c h   i s  

c o n s t i t u t e d   by  t h e   d i s h e d   s p r i n g   35  may  be  r e p l a c e d   b y  

a  r e s i l i e n t   member  of   a  d i f f e r e n t   t y p e   s u c h   as  a  l e a f  

s p r i n g   or   a  c o i l   s p r i n g   i f   d e s i r e d .  

The  o u t e r   end  33b  of   t h e   s p i k e   p i n   33  i s  

c o n n e c t e d   to   t h e   o u t e r   end  of   t h e   s h a n k   p o r t i o n   34a  o f  

t h e   g u i d e   p i n   by  a  m e a n d e r i n g   or  c o i l e d   a c t u a t i n g   m e m b e r  

36  of   a  s h a p e   memory  a l l o y .   P a r t   of  t h e   s h a p e   m e m o r y  

a l l o y   i s   e x p o s e d   to   t h e   o u t s i d e   a t   t h e   o u t e r   end  of  t h e  

s p i k e   p i n   3 3 .  

When  t h e   s p i k e   t i r e s   of  t h e   f o r e g o i n g   c o n s t r u c -  

t i o n   a r e   r u n n i n g   on  a  f r o z e n   or   s n o w - c o v e r e d   r o a d ,   t h e  



s h a p e   memory  a l l o y   of  t h e   a c t u a t i n g   member   36  i s   c o o l e d  

i n t o   p l a s t i c   s t a t e   so  t h a t   t h e   s p i k e   p i n   33  i s   p r o t r u d e d  

f rom  t h e   s u r f a c e   of   t h e   t i r e   1  by  t h e   b i a s i n g   f o r c e   o f  

t h e   s p r i n g   35  as  shown  p a r t i c u l a r l y   in   FIGURE  6 .  

On  t he   o t h e r   h a n d ,   on  a  n o n - f r o z e n   or  s n o w -  

f r e e   r o a d ,   t h e   s h a p e   memory  a l l o y   of  t h e   a c t u a t i n g   m e m b e r  

36  i s   warmed  by  t h e   h e a t   w h i c h   i s   g e n e r a t e d   in  t h e   t i r e  

as  a  r e s u l t   of  t h e   r u n n i n g   o p e r a t i o n   of   t h e   v e h i c l e ,  

c o n t r a c t i n g   i n t o   a  m e m o r i z e d   s h a p e   of   a  s h o r t e r   l e n g t h  

as  shown  in  FIGURE  7.  C o n s e q u e n t l y ,   t h e   s p r i n g   35  i s  

c o m p r e s s e d   f l a t   and  t h e   s p i k e   p in   33  i s   r e t r a c t e d   i n t o  t h e  

p i n   r e c e p t a c l e   h o l e   32  f rom  t he   s u r f a c e   of  t h e  t i r e   1 .  

In  t h i s   e m b o d i m e n t ,   t he   a c t u a t i n g   member  36  i s  

m o u n t e d   in  p o s i t i o n   in   s u c h   a  m a n n e r   t h a t   p a r t   of  t h e  

s h a p e   memory  a l l o y   i s   e x p o s e d   on  t h e   s u r f a c e   a t   t h e   o u t e r  

end   33b  of  t h e   s p i k e   p i n   33,  so  t h a t   t h e   h e a t   t r a n s f e r  

f rom  a  r o a d   s u r f a c e   to   t h e   a c t u a t i n g   member   can  b e  

a c c e l e r a t e d   to  e n s u r e   a  q u i c k   r e s p o n s e   to   v a r i a t i o n s  

in  t he   r o a d   c o n d i t i o n .  

FIGURES  8  and  9  show  s t i l l   a n o t h e r   e m b o d i m e n t  

of  t he   i n v e n t i o n ,   in   w h i c h   d e n o t e d   a t   41  i s   a  t i r e  

p r o p e r   and  a t   42  a  p i n   r e c e p t a c l e   h o l e   w h i c h   i s   p r o v i d e d  

on  a  t r e a d   s u r f a c e   of  t h e   t i r e   41.  The  p i n   r e c e p t a c l e  

h o l e   42  i s   p r o v i d e d   w i t h   a  l a r g e   d i a m e t e r   p o r t i o n   4 2 a  

a t   t he   i n n e r   end  t h e r e o f ,   and  a  n o t c h   42b  a r o u n d   i t s  



b o t t o m   s u r f a c e   42c  t o  f a c i l i t a t e   e l a s t i c   d e f o r m a t i o n   o f  

t h e   t i r e   r u b b e r .   F i t t e d   in   t h e   p i n   r e c e p t a c l e   h o l e   42 

i s   a  s p i k e   p i n   43  h a v i n g   a  f l a n g e   p o r t i o n   43a  a t   i t s  

b a s e   or   i n n e r   end  o p p o s i t e   a  r e t r a c t a b l y   p r o t r u d e d  

o u t e r   end   p o r t i o n   43b.  A  r e s i l i e n t   member  44  i s   i n t e r -  

p o s e d   b e t w e e n   t h e   f l a n g e  p o r t i o n   43a  and  t h e   b o t t o m  

s u r f a c e   42c  of  t he   p in   r e c e p t a c l e   h o l e   42  to   u r g e   t h e  

s p i k e   p i n   43  r a d i a l l y   o u t w a r d .   The  r e s i l i e n t   m e m b e r  

44  w h i c h   c o n s t i t u t e s   a  b i a s i n g   means   may  be  s u b s t i t u t e d  

by  a  r u b b e r   s t r i p ,   d i s h e d   s p r i n g ,   r i n g   s p r i n g ,   r e s i l i e n t  

s y n t h e t i c   r e s i n   m a t e r i a l   or   t h e   l i k e .   F u r t h e r ,   i n t e r p o s e d  

b e t w e e n   t h e   f l a n g e   p o r t i o n   43a  of  t h e   s p i k e   p i n   43  a n d  

a  s t o p p e r   p l a t e   45  f i t t e d   in   a b u t t i n g   e n g a g e m e n t   w i t h   a  

s t e p p e d   w a l l   a t   t h e   o u t e r   end   of   t h e   l a r g e   d i a m e t e r  

p o r t i o n   of  t h e   p i n   r e c e p t a c l e   h o l e   4 2  i s   an  a c t u a t i n g  

member   46  c o n s i s t i n g   of  a  p l u r a l   number   of  o v e r l a p p e d  

s h a p e   memory  a l l o y   members   w i t h   a  s u i t a b l e   m e m o r i z e d  

s h a p e   f o r   s e t t i n g   a p a r t   t h e   f l a n g e   43a  and  s t o p p e r  

p l a t e   4 5 .  

The  s t o p p e r   p l a t e   45  s e r v e s   f o r   i n c r e a s i n g  

t h e   c o n t a c t   a r e a   b e t w e e n   t h e   t i r e   41  and  a c t u a t i n g  

member   46  and  i s   in  t he   fo rm  of   a  r i n g   h a v i n g   a  c e n t e r  

a p e r t u r e   f i t t e d   on  t h e   s p i k e   p i n   43.  The  s h a p e   m e m o r y  

a l l o y   m e m b e r s   46  a re   f o r m e d   in   t h e   s h a p e   of  a  c o i l  

h a v i n g   one  or   more  h e l i c s   and  u s e d   in   o v e r l a p p e d   s t a t e  



to  p r o v i d e   a  c o m p a c t   c o n s t r u c t i o n   w i t h   a  d o u b l e d  

s t r e s s .  

When  r u n n i n g   o n  a   f r o z e n   or   s n o w - c o v e r e d   r o a d ,  

the   s h a p e   memory  a l l o y   of  t h e   a c t u a t i n g   member  46  i s  

c o o l e d   i n t o   p l a s t i c   s t a t e   and  c o m p r e s s e d l y   d e f o r m e d   b y  

t h e   a c t i o n   of   t h e   r e s i l i e n t   member   44  to   m a i n t a i n   t h e  

s p i k e   p i n   43  in   t h e   p r o t r u d e d   p o s i t i o n   as  shown  in  FIGURE 

8.  On  t h e   o t h e r   h a n d ,   on  a  n o n - f r o z e n   or   s n o w - f r e e  

r o a d ,   t h e   s h a p e   memory  a l l o y   of   t h e   a c t u a t i n g   member  46  

is   wa rmed   by  t h e   h e a t   w h i c h   i s   g e n e r a t e d   in   t h e   r o l l i n g  

t i r e   and  r e s t o r e s   t h e   m e m o r i z e d   s h a p e   as  shown  i n  

FIGURE  9,  p r e s s i n g   t h e   f l a n g e   p o r t i o n   43a  of  t h e   s p i k e   p i n  

43  r a d i a l l y   i n w a r d   a g a i n s t   t h e   a c t i o n   of  t h e   r e s i l i e n t  

member  44  and  t h e   a i r   p r e s s u r e   of  t h e   t i r e   t u b e .   As 

a  r e s u l t ,   t h e   o u t e r   end  p o r t i o n   43b  of   t h e   s p i k e   p i n  

43  i s   r e t r a c t e d   i n t o   t he   p i n   r e c e p t a c l e   h o l e   42  u n d e r  

t h e   s u r f a c e   42c  of  t h e   t i r e   41.  The  n o t c h   42b  w h i c h  

is   p r o v i d e d   a r o u n d   t h e   b o t t o m   s u r f a c e   42c  of  t he   p i n  

r e c e p t a c l e   h o l e   42  f a c i l i t a t e s   t h e   e l a s t i c   d e f o r m a t i o n  

of  t h e   t i r e   r u b b e r .  

The  a b o v e - d e s c r i b e d   r e t r a c t a b l e   s p i k e   p i n  

a r r a n g e m e n t   u s i n g   an  a c t u a t i n g   member   c o n s i s t i n g   of  a  

number   of  c o i l - l i k e   w i r e s   w i t h   one  or   more   h e l i c s  

p r e m i t s   to   r e d u c e   t h e   d i a m e t e r s   of  t h e   w i r e   and  c o i l  

to  o b t a i n   a  g i v e n   r e s t o r i n g   f o r c e   as  c o m p a r e d   w i t h   a  

c a s e   u s i n g   a  s i n g l e   c o i l   s p r i n g   f o r   t h e   a c t u a t i n g  



member ,   c o u p l e d   w i t h   i m p r o v e m e n t s   in   r e s i s t a n c e   t o  

s t r a i n   and  f a t i g u e .   A c c o r d i n g l y ,   i t   b e c o m e s   p o s s i b l e  

to  o b t a i n   a  s p i k e   t i r e   w h i c h   i s   s m a l l e r   in   s i z e   a n d  

w h i c h   can  e n d u r e   h a r d   f r i c t i o n s   and  v i b r a t i o n s .   I t  

f o l l o w s   t h a t   a  l a r g e   n u m b e r   of  s p i k e   p i n s   can   be  d r i v e n  

i n t o   t h e   s u r f a c e   of  a  t i r e   to   e n h a n c e   b r a k i n g   c h a r a c -  

t e r i s t i c s   on  i c e   and  s n o w .  

Wi th   t h e   s p i k e   t i r e s   of   t h e   a b o v e - d e s c r i b e d  

e m b o d i m e n t s ,   i t   i s   n e c e s s a r y   to   p r o t r u d e   t h e   s p i k e   p i n s  

r i g i d l y   f rom  t h e   t r e a d   s u r f a c e   of   t h e   t i r e   when  r u n n i n g  

on  a  f r o z e n   or   s n o w - c o v e r e d   r o a d ,   by  a  l e n g t h   s u f f i c i e n t  

f o r   t h e   s p i k e   p i n s   to   p e n e t r a t e   a  f r o z e n   or   s n o w e d  

r o a d   s u r f a c e .   H o w e v e r ,   on  a  n o n - f r o z e n   or   s n o w - f r e e  

r o a d ,   t h e   s p i k e   p i n s   a r e   n o t   n e c e s s a r i l y   r e q u i r e d   to  b e  

c o m p l e t e l y   r e t r a c t e d   i n t o   t h e   p i n   r e c e p t a c l e   h o l e s .  

The  o b j e c t   of  t h e   i n v e n t i o n   can  a l s o   be  a t t a i n e d   b y  

s p i k e   p i n s   w h i c h   a r e   a r r a n g e d   to   r e t r a c t   i n t o   t h e   t i r e  

when  d e p r e s s e d   w i t h   a  r e l a t i v e l y   weak  f o r c e .  

T a b l e s  1   and  2  b e l o w   show  t h e   r e s u l t s   o f  

e x p e r i m e n t s   c o n d u c t e d   by  t h e   i n v e n t o r ,   in   w h i c h   t h e  

s p i k e   p i n s   of  t h e   c o n s t r u c t i o n   shown  in  FIGURES  8  and  9 

were   a t t a c h e d   to   a u t o m o b i l e   t i r e s   of   a  p n e u m a t i c   p r e s s u r e  

of  1 .8   k g / c m 2   w i t h   a  f o r c e   of   p r o t r u s i o n   of  20  kg  a n d  

a c t u a l l y   run   on  r o a d s   of  v a r i o u s   c o n d i t i o n s .   In  t h e s e  

t a b l e s ,   t h e   l e n g t h   of  p i n   p r o t r u s i o n   i s   i n d i c a t e d   b y  



way  of  a  m e a s u r e   f rom  t h e   t i r e   t r e a d   s u r f a c e ,   t h e  

f i g u r e s   w i t h   p o s i t i v e   and  n e g a t i v e   marks   "+"  and  " - "  

s h o w i n g   t h e   e x t e n t s   of  p r o t r u s i o n   and  r e t r a c t i o n   f r o m  

t h e   o u t e r   s u r f a c e   of  t h e   t i r e   t r e a d ,   r e s p e c t i v e l y .  





1.  A  s p i k e   t i r e   f o r   a  v e h i c l e ,  c o m p r i s i n g :  

a  p i n   r e c e p t a c l e   h o l e   p r o v i d e d   on  t he   t r e a d  

s u r f a c e   of  s a i d   t i r e ;  

a  s p i k e   p i n   r e t r a c t a b l y   p r o t r u d a b l e   f r o m  

s a i d   p i n   r e c e p t a c l e   h o l e ;  

a  b i a s i n g   means   c o n s t a n t l y   u r g i n g   s a i d   s p i k e  

p i n   to   p r o t r u d e   f rom  s a i d   p i n   r e c e p t a c l e   h o l e ;   a n d  

an  a c t u a t i n g   member   of  a  s h a p e   memory  a l l o y  

c a p a b l e   of   r e s t o r i n g   a  m e m o r i z e d   s h a p e   when  w a r m e d  

to  a  p r e d e t e r m i n e d   t e m p e r a t u r e   by  t h e   h e a t   g e n e r a t e d  

in  s a i d   t i r e   as  a  r e s u l t   of  o p e r a t i o n   of  s a i d   v e h i c l e  

on  a  n o n - f r o z e n   or  s n o w - f r e e   r o a d   s u r f a c e ,   t h e r e b y   t o  

r e t r a c t   s a i d   s p i k e   p i n   i n t o   s a i d   t i r e   a g a i n s t   t h e  

a c t i o n   of  s a i d   b i a s i n g   m e a n s .  

2.  A  s p i k e   t i r e   as  s e t   f o r t h   in   c l a i m   1 ,  

w h e r e i n   s a i d   b i a s i n g   means   f o r   c o n s t a n t l y   u r g i n g   s a i d  

s p i k e   p i n   in  a  p r o t r u d i n g   d i r e c t i o n   i s   c o n s t i t u t e d  

by  a  d i s h e d   s p r i n g .  

3.  A  s p i k e   t i r e   as  s e t   f o r t h   in   c l a i m   1 ,  

w h e r e i n   s a i d   b i a s i n g   means   i s   c o n s t i t u t e d   by  a  c o i l  

s p r i n g .  



4.  A  s p i k e   t i r e   as  s e t   f o r t h   in  c l a i m   1 ,  

w h e r e i n   s a i d   b i a s i n g   means   u t i l i z e s   r e s i l i e n t   f o r c e   o f  

t h e   t i r e   m a t e r i a l .  

5.  A  s p i k e   t i r e   as  s e t   f o r t h   in   a n y  o n e   o f  

c l a i m s   1  to  4,  w h e r e i n   s a i d   a c t u a t i n g   member   i s  

c o n s t i t u t e d   by  a  s h a p e   memory  a l l o y   of  a  c o i l - l i k e  

f o r m .  

6.  A  s p i k e   t i r e   as  s e t   f o r t h   in   a n y  o n e   o f  

c l a i m s   1  to   4,  w h e r e i n   s a i d   a c t u a t i n g   member   i s   c o n s -  

t i t u t e d   by  a  s h a p e   memory  a l l o y   of   a  d i s h e d   f o r m .  

7.  A  s p i k e   t i r e   as  s e t   f o r t h   in   c l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   a  g u i d e   p i n   f i t t e d   in  s a i d   p i n  

r e c e p t a c l e   h o l e   f o r   s u p p o r t i n g   and  g u i d i n g   s a i d   s p i k e  

p i n ,   f l a n g e s   p r o v i d e d   on  s a i d   s p i k e   and  g u i d e   p i n s ,  

and  f l a t   s u p p o r t   s u r f a c e s   f o r m e d   o p p o s i n g l y   s a i d   f l a n g e s ,  

s a i d   b i a s i n g   means   c o n s t a n t l y   u r g i n g   s a i d   a c t u a t i n g  

member   of  a  s h a p e   memory  a l l o y   i n t o   a  p o s i t i o n   b e t w e e n  

s a i d   f l a t   s u p p o r t   s u r f a c e s ,   and  s a i d   a c t u a t i n g   m e m b e r  

d i s e n g a g i n g   f rom  s a i d   s u p p o r t   s u r f a c e s   upon  r e s t o r a t i o n  

of  a  m e m o r i z e d   s h a p e .  



8.  A  s p i k e   t i r e   as  s e t   f o r t h   in   c l a i m   1 ,  

f u r t h e r   c o m p r i s i n g   a  g u i d e   p i n   f i t t e d   i n  s a i d   p i n  

r e c e p t a c l e   h o l e   f o r   s u p p o r t i n g   and  g u i d i n g   s a i d   s p i k e  

p i n ,   s a i d   b i a s i n g   means   b e i n g   l o c a t e d   b e t w e e n  s a i d  

s p i k e   and  g u i d e   p i n s   f o r   u r g i n g   s a i d   s p i k e   p i n   in   a  

p r o t r u d i n g   d i r e c t i o n ,   and  s a i d   g u i d e   p i n   b e i n g  

c o n n e c t e d   to   s a i d   s p i k e   p i n   by  s a i d  a c t u a t i n g   m e m b e r  

of  a  s h a p e   memory  a l l o y .  

9.  A  s p i k e   t i r e   as  s e t   f o r t h   in   c l a i m   8 ,  

w h e r e i n   an  end  p o r t i o n   of  s a i d   a c t u a t i n g   member   of  a  

s h a p e   memory  a l l o y   i s   e x p o s e d  a t   s a i d   o u t e r   end  o f  

s a i d   s p i k e   p i n .  

10.  A  s p i k e   t i r e   as  s e t   f o r t h   in  c l a i m   1 ,  

w h e r e i n   s a i d   a c t u a t i n g   member   i s   c o n s t i t u t e d   by  a  

p l u r a l   number   of  o v e r l a p p e d   s e g m e n t s   of  a  s h a p e   m e m o r y  

a l l o y .  
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1.  A  s p i k e   t i r e   f o r   a  v e h i c l e ,   c o m p r i s i n g :  

a  p in   r e c e p t a c l e   h o l e   p r o v i d e d   on  t he   t r e a d   s u r f a c e   o f  

s a i d   t i r e   and  h a v i n g   a  n o t c h   a r o u n d   b o t t o m   s u r f a c e   t h e r e o f ;  

a  s p i k e   p i n   r e t r a c t a b l y   p r o t r u d a b l e   f rom  s a i d   p i n  

r e c e p t a c l e   h o l e ;  

a  b i a s i n g   means   c o n s t a n t l y   u r g i n g   s a i d   s p i k e   p i n   t o  

p r o t r u d e   f rom  s a i d   p i n   r e c e p t a c l e   h o l e   by  means   of  r e s i l i e n t  

r e s t o r i n g   f o r c e   of  t h e   t i r e   r u b b e r   i t s e l f ;   a n d  

an  a c t u a t i n g   member  of  a  s h a p e   memory  a l l o y   c a p a b l e   o f  

r e s t o r i n g   a  m e m o r i z e d   s h a p e   when  w a r m e d   to  a  p r e d e t e r m i n e d  

t e m p e r a t u r e - b y   t h e   h e a t   g e n e r a t e d   in   s a i d . t i r e   as  a  r e s u l t   o f  

o p e r a t i o n   of  s a i d   v e h i c l e   on  a  n o n - f r o z e n   or  s n o w - f r e e   r o a d  

s u r f a c e ,   t h e r e b y   to  r e t r a c t   s a i d   s p i k e   p i n   i n t o   s a i d   t i r e  

a g a i n s t   t h e   a c t i o n   of  s a i d   b i a s i n g   m e a n s .  

2.  A  s p i k e   t i r e   as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n   s a i d  

a c t u a t i n g   member  i s   c o n s t i t u t e d   by  a  s h a p e   memory  a l l o y   of  a  

c o i l - l i k e   f o r m .  

3.  A  s p i k e   t i r e   as  s e t   f o r t h   in  c l a i m   2,  w h e r e i n   s a i d  

a c t u a t i n g   member  i s   c o n s t i t u t e d   by  a  p l u r a l   number   of  o v e r l a p p e d  

s e g m e n t s   of  a  s h a p e   m e m o r y .  

4.  A  s p i k e   t i r e   as  s e t   f o r t h   in  c l a i m   1  to  3,  w h e r e i n   s a i d  

b i a s i n g   means   u t i l i z e s   a  r e s i l i e n t   member   i n t e r p o s e d   b e t w e e n  

t h e  s p i k e  p i n   and  t h e   p i n   r e c e p t a c l e   h o l e   in  a d d i t i o n   to  s a i d  

r e s i l i e n t   r e s t o r i n g   f o r c e   of  the   t i r e   r u b b e r   i t s e l f .  



BRIEF  STATEMENT 

1.  New  C l a i m   1  i s   amended   t h e   o r i g i n a l   c l a i m   1  i n   o r d e r  

to  r e s t r i c t   t h a t   t h e   p i n   r e c e p t a c l e   h o l e   i s   p r o v i d e d   w i t h   a  

n o t c h   a r o u n d   b o t t o m   s u r f a c e   t h e r e o f   and  r e s i l i e n t   r e s t o r i n g  

f o r c e   of  t h e   t i r e   r u b b e r   i t s e l f   i s   u s e d   as  t h e   b i a s i n g   m e a n s  

c o n s t a n t l y   u r g i n g   t he   s p i k e   p i n   to  p r o t r u d e   f r o m   t h e   p i n  

r e c e p t a c l e   h o l e .  

2.  C l a i m   2  c o r r e s p o n d s   to  o r i g i n a l   c l a i m   5 .  

3.  C l a i m   3  c o r r e s p o n d s   to   o r i g i n a l   c l a i m   1 0 .  

4.  New  C l a i m   4  i s   a m e n d e d   t h e   o r i g i n a l   c l a i m   1  w i t h   t h e  

i n t e n t i o n   to  r e s t r i c t   t h a t   t h e   p i n   r e c e p t a c l e   h o l e   i s   p r o v i d e d  

w i t h   a  n o t c h   a r o u n d   b o t t o m   s u r f a c e   t h e r e o f   and  a  r e s i l i e n t  

member   i n t e r p o s e d   b e t w e e n   t h e   s p i k e   p i n   and  t h e   p i n   r e c e p t a c l e  

h o l e   and  t he   r e s i l i e n t   r e s t o r i n g   f o r c e   of  t h e   t i r e   r u b b e r   i t s e l f  

a r e   u s e d   as  t h e   b i a s i n g   means   c o n s t a n t l y   u r g i n g   t h e   s p i k e   p in   t o  

p r o t r u d e   f rom  s a i d   p i n   r e c e p t a c l e   h o l e .  

5.  The  o r i g i n a l   c l a i m s   2  to  3  and  6  to  9  a r e   c a n c e l l e d   b y  

t h e   a m e n d m e n t   of  c l a i m   1 .  
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